A collection of 81 isolates of enteropathogenic Escherichia coli (EPEC) was obtained from samples of bulk tank sheep milk (62 isolates), ovine feces (4 isolates), sheep farm environment (water, 4 isolates; air, 1 isolate), and human stool samples (9 isolates). The strains were considered atypical EPEC organisms, carrying the eae gene without harboring the pEAF plasmid. Multilocus sequence typing (MLST) was carried out with seven housekeeping genes and 19 sequence types (ST) were detected, with none of them having been previously reported for atypical EPEC. The most frequent ST included 41 strains isolated from milk and human stool samples. Genetic typing by pulsed-field gel electrophoresis (PFGE) resulted in 57 patterns which grouped in 24 clusters. Comparison of strains isolated from the different samples showed phylogenetic relationships between milk and human isolates and also between milk and water isolates. The results obtained show a possible risk for humans due to the presence of atypical EPEC in ewes' milk and suggest a transmission route for this emerging pathogen through contaminated water.
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E
nteropathogenic Escherichia coli (EPEC) is an important group of diarrheagenic E. coli, being responsible for outbreaks of infant diarrhea in developing countries, with fatality rates as high as 30% (1) , and increasingly being implicated as a causative agent of diarrhea in developed countries, affecting all age groups (2, 3) . This epidemiological difference between developing and developed countries is linked to the characteristics of EPEC strains. Typical EPEC organisms, defined as strains of E. coli that produce an attaching and effacing lesion in intestinal cells, carry the EAF virulence plasmid, and do not produce Shiga-like toxins, are predominant in developing countries, whereas atypical EPEC isolates, which are similar to typical EPEC isolates but do not possess the EAF virulence plasmid, are emerging pathogens in developed countries (2, 4, 5) .
The reservoir of typical EPEC strains is thought to be human carriers (3), and those strains are rarely isolated from animals (2). In contrast, atypical EPEC strains are readily isolated from humans and animals; there is no confirmation of direct transmission from animals to humans, but the fact that strains belonging to the same serogroups have been found in animal and human diseases suggests that animals can be an important reservoir of atypical EPEC that can be transmitted to humans (5) and also from humans to animals (6) . The isolation from food production animals and farm environments has been reported (7) (8) (9) , and milk and dairy products appear to be regularly contaminated with EPEC strains (10) (11) (12) (13) (14) , even though other studies failed to isolate EPEC from milk samples (7, 15) . Taking into account that farm animals and milk and dairy products carry atypical EPEC strains, it can be presumed that a possible route of transmission is from animals to food and then to humans.
The aim of this study was to analyze the presence of atypical EPEC strains in sheep milk and in the environment of sheep farms and to compare the phylogenetic relationships of isolates obtained from these samples and isolates obtained from humans to search for possible routes of transmission of EPEC to humans.
MATERIALS AND METHODS
Sample collection. Bulk tank ewes' milk samples were obtained from 388 farms located along 10 different milk collection routes in northwest Spain. Milk samples of 100 ml were aseptically taken in sterile containers.
Additional samples from air, water, feed, and feces were taken from 10 selected farms (one farm at the end of each collection route). Tenliter air samples were collected using a microbial air sampler (Biotest Hycon, Dreieich, Germany) fitted with a tryptone soya agar (TSA; Oxoid, Basingstoke, United Kingdom) strip. Water troughs and feed (silage) samples were taken in sterile containers of 500 ml and 250 g, respectively. Sampling of feces in farm premises was done with boot swabs by following the protocol outlined by the EU for monitoring the reduction of Salmonella in laying hens. In brief, boot swabs, moistened with a solution of 0.1% peptone and 0.9% NaCl, were used to walk through the premises using a route that produced a sample for all parts of the farm. A minimum of four samples (two pairs of boot swabs) were collected, with the swabs being changed every 100 steps. Boot swabs were removed carefully and stored in sterile zipper storage bags for transport to the laboratory.
Milk and farm environment samples were immediately transported to the laboratory in an insulated cooler. Temperature on arrival to the laboratory was always under 8°C.
Suspected diarrheagenic E. coli isolates from stool samples of patients with gastrointestinal disease were kindly provided by the Microbiology Service of the University Hospital of León.
Sample processing. Fifty milliliters of milk was cultured in 450 ml of tryptone soya broth (TSB; Oxoid) plus 0.6% yeast extract (TSBYE; Oxoid) at 42°C for 18 h. An aliquot of the enriched sample was streaked onto CT-SMAC (Oxoid) plates and incubated at 37°C for 24 h. Pink (sorbitol fermenters) and colorless (nonfermenters) colonies were picked and preserved at Ϫ40°C in TSB plus 40% glycerol for further characterization.
TSA strips from the air sampling were homogenized with 50 ml of TSBYE in a Masticator blender (IUL SA, Barcelona, Spain). Water samples (250 ml) were filtered through sterile 0.45-m filters, which were then incubated in 50 ml TSBYE. Twenty five g of feed pellets was blended with 225 ml of TSBYE. Boot swabs were unpacked and placed in 225 ml of TSBYE. All cultures were incubated and plated onto CT-SMAC as described above.
PCR detection of enteropathogenic E. coli. Presumptive EPEC isolates were cultured in TSB at 37°C for 18 h, and DNA was released by heat lysis. The template DNA was screened by PCR for the presence of the target genes stx 1 , stx 2 , eae, and bfpA, as well as plasmid pEAF, using the primers described in Table 1 . PCR was carried out in a Mastercycler Personal (Eppendorf-Netheler-Hinz GmbH, Hamburg, Germany) in a final volume of 25 l and an annealing temperature of 56°C. PCR products (5 l) were analyzed by 1% agarose gel electrophoresis and viewed after ethidium bromide staining under UV light.
MLST. Multilocus sequence typing (MLST) was carried out by amplifying and sequencing seven housekeeping genes (arcA, cyaA, fadD, icdA, lysP, mtlD, and rpoS), as described by Moura et al. (6) , by following the protocol detailed at the EcMLST website (http://shigatox.net/new/tools /ecmlst.html). PCR products were purified with a NucleoSpin gel and PCR cleanup kit (Macherey-Nagel, Düren, Germany). Both strands were sequenced in a Megabace 500 sequencer (Amersham Biosciences, Piscataway, NJ).
Raw sequences were visually reviewed and edited using the Chromas Lite 2.1 software (Technelysium, South Brisbane, Queensland, Australia) and aligned with the ClustalW algorithm of the MEGA5 software (16) . Each gene locus was assigned an allele number by searching the EcMLST database. New allele numbers were assigned by the curator of the database upon submission and revision of sequence chromatograms. Each isolate was assigned an arbitrary sequence type (ST) number according to the allele profile.
Lineage assignment and phylogenetic analysis. Grouping of isolates into clonal complexes according to the number of single-locus and double-locus variants was done with the eBursts algorithm implemented in the START2 program (17) . Split decomposition analysis was performed with Splitstree software for Windows (18) .
A concatenated sequence constructed from the individual gene sequences (in the order of arcA, cyaA, fadD, icdA, lysP, mtlD, rpoS) was prepared for one representative strain of each ST. Concatenated sequences were aligned and the phylogenetic tree was constructed using the neighbor-joining (NJ) method, with the distances estimated by the Kimura 2-parameter model and a bootstrapping of 1,000 replications using MEGA5 software.
PFGE. Genomic DNA preparation for pulsed-field gel electrophoresis (PFGE) analysis was carried out according to the procedure of PulseNet (19) . DNA was digested with 30 U XbaI (Fermentas, Thermo Fisher Scientific, Waltham, MA), and the fragments were resolved in a 1% Seakem Gold agarose gel (Lonza, Rockland, ME) in a contour-clamped homogeneous electric field (CHEF) DRIII apparatus (Bio-Rad, Hercules, CA) during 19 h with the following conditions: 14°C, ramp of 2.2 to 54.2 s, 120°a ngle, and voltage of 6 V/cm. Comparison of PFGE profiles was done with the GelCompar 6.1 software (Applied Maths, St. Martens Latem, Belgium). Similarities were obtained using the Dice coefficient at 0.5% optimization and 1.5% tolerance, and a dendrogram was constructed with the unweighted-pair group method using average linkages (UPGMA) clustering method.
RESULTS

EPEC isolation and identification.
A total of 62 suspected isolates were obtained from 55 of the 388 bulk tank milk samples (14.17%). All of the isolates were considered atypical EPEC, carrying the eae gene without amplifying any of the additional target genes (stx 1 , stx 2 , and bfpA) or pEAF. Ten more isolates were recovered from the environmental samples taken from 5 out of 10 farms (50%): five isolates were obtained from water trough samples taken from four different farms, four isolates were from feces from four different farms, and one isolate was obtained from an air sample; moreover, 9 atypical EPEC isolates were confirmed from human stools.
Multilocus sequence typing and phylogenetic analysis. Sequences of seven housekeeping genes were obtained from all 81 isolates, and 19 ST were detected ( Table 2) ; none of them were previously reported for atypical EPEC in studies carried out with the same genes (6, 20) . The most frequent ST was ST 14, including 41 isolates, all of them obtained from milk and clinical samples. The allele frequency of the housekeeping genes ranged from 6 to 12 alleles per locus, with the most variable being loci icdA and mltD with 12 alleles each. Ten new alleles were detected in five different genes (Table 2) . (Fig. 1) shows the relative distances between STs.
Phylogenetic analysis of the supergene is shown in Fig. 2 , showing a clustering of STs similar to that obtained with SplitsTree, with high bootstrapping values.
Some STs grouped together isolates from different origins, as in ST 4, which grouped five isolates obtained from milk produced on five farms with a water strain isolated from a different farm. ST 7 included water and milk samples isolated from different locations, ST 11 was composed of one water and two milk isolates, ST 1  Clinical  2  3  2  13  4  1  13  1  1  Milk  3  3  3  2  2  1  3  1  1  Clinical  4  3  3  2  2  1  4  1  6  Milk and water  5  3  3  13  4  1  13  1  1  Milk  6  3  3  13  39  1  13  17  1  Feces  7  3  3 15 included two isolates from milk, one from air, and one from animal feces samples taken in different farms, ST 16 was composed of two clinical and one milk isolate, and ST 17 included two isolates from animal feces and one clinical isolate. An interesting finding was the absence of environmental isolates from ST 14 ( Table 3) . Pulsed-field gel electrophoresis. PFGE typing of 81 isolates resulted in 57 patterns, which grouped in 24 clusters with a minimum cutoff value of 74.5% (Fig. 3) . Identical profiles were detected in isolates from milk (34 strains in pulsotypes I, IV, X, XII, XIV, and XIX) and clinical samples (2 strains in pulsotype XVI) and between one isolate from milk and one isolate from air (pulsotype VII). All of the isolates with indistinguishable PFGE profiles belong to the same ST. Nine clusters grouped isolates from different origins: milk and water (I, IV, XVII, and XVIII), milk and ovine feces (V), milk, air and ovine feces (VII), clinical samples and ovine feces (IX), and milk and clinical samples (VI and XV). Table 3 summarizes the features of the 81 strains investigated in this study.
DISCUSSION
Humans have long been considered the main reservoir of EPEC (3), but this assumption is being revised in light of the characteristics of atypical EPEC strains, which are regularly found in animals (2, 5) . The increasing isolation of atypical EPEC strains from foods of animal origin (10, 12, 14, 21) suggests that different animal species act as reservoirs for these microorganisms and represent a source of infections for humans, as already proposed by other authors (6, 8) .
In this study, bulk tank sheep milk tested positive for 14.17% of the samples, and atypical EPEC strains were also isolated from the environment of the farm and from feces of the animals. A high degree of phylogenetic heterogeneity was observed among the strains, which form 19 sequence types and 24 pulsotypes. The genetic diversity in atypical EPEC appears to be a common trait, as already reported (22) . In spite of the heterogeneity, comparison of the strains isolated from milk and farm environments to isolates obtained from human patients showed a clear relationship between milk and human isolates; thus, the main ST (ST 14) was composed of strains of those origins. This relationship was demonstrated by PFGE typing as well (clusters VI and XV) (Fig. 3) . Another interesting finding of this study is the similarities observed between water and milk isolates, which grouped together in two ST and four PFGE clusters (Fig. 3) .
The results obtained in this study do not clarify the routes of transmission of EPEC but indicate that strains that appear in milk are similar to strains causing disease in humans. Why the milk became contaminated remains unresolved, but similarities between milk and water isolates suggest a way of transmission through water used in the production of milk, either for drinking or for cleaning equipment. Robins-Browne et al. (23) showed that atypical EPEC strains are an important cause of human gastroenteritis acquired through water consumption, and García-Díez et al. (10) reported that molecular characteristics found in atypical EPEC isolates from samples of surface water were similar to those detected in human samples. These pieces of evidence, together with the findings of this study, suggest a possible route of human infection.
In conclusion, this study shows that ewes' milk carries strains 
